Due to an excellent mass resolution and a large amount of available data, the CDF experiment, located at the Tevatron proton-antiproton accelerator, allows the precise measurement of spectroscopic properties, like mass and decay width, of a variety of states. This was exploited to examine the first orbital excitations of the Λc baryon, the resonances Λc(2595) and Λc(2625), in the decay channel Λ + c π + π − , as well as the Λc spin excitations Σc(2455) and Σc(2520) in its decays to Λ + c π − and Λ + c π + final states in a data sample corresponding to an integrated luminosity of 5.2 fb −1 . We present measurements of the mass differences with respect to the Λc and the decay widths of these states, using significantly higher statistics than previous experiments.
Introduction
Heavy quark baryons provide an interesting laboratory for studying and testing Quantum Chromodynamics (QCD), the theory of strong interactions. The heavy quark states test regions of the QCD where perturbation calculations cannot be used, and many different approaches to solve the theory were developed. In this write-up we focus on Λ c (2595), Λ c (2625), Σ c (2455) and Σ c (2520) baryons. All four states were observed before and some of their properties measured. 1 However, different mass measurements for Σ c (2520) and Λ c (2625) are inconsistent and the statistics for Λ c (2595) and Λ c (2625) is rather low. In addition, Blechman and co-workers showed that a more sophisticated treatment, which would take into account the proximity of the threshold in the Λ c (2595) decay, yields a Λ c (2595) mass which is 2 − 3 MeV/c 2 lower than the one observed. 2 Σ c states were observed and studied in Λ c π decays, while excited Λ c states decay mainly to a Λ c ππ final state and decays through intermediated Σ c resonances are possible. One peculiarity of the experimental studies of these baryons is in their cross talks, which requires special care in the treatment of the background due to different kinematic regions allowed for different sources.
In this analysis we exploit a large sample of Λ + c → pK − π + decays collected by the CDF detector to perform the measurement of the masses and widths of the discussed charmed baryons. We take into account all cross-talks and threshold effects expected in the decays under study. 3 Throughout this document the use of a specific particle state implies the use of the charge-conjugate state as well.
Analysis Strategy
The employed dataset corresponds to an integrated luminosity of 5.2 fb −1 and was collected using the displaced track trigger which requires two charged particles coming from a single vertex with transverse momenta larger than 2 GeV/c and impact parameters in the plane transverse to the beamline in the region of 0.1 to 1 mm.
The selection of the candidates is done in two steps. As all final states feature a Λ c daughter, as first step we perform a Λ c selection. In the second step we perform a dedicated selection of the four states under study. In each step we use neural networks to distinguish signal from background. All neural networks 4 are trained using data only by means of the s Plot technique 5 . As we use only data for the neural network trainings, for each case we split the sample to two parts (even and odd event numbers) and train two networks. Each of them is applied to the complementary subsample in order to maintain a selection which is trained on a sample independent from the one to which we apply it.
In order to determine the mass differences relative to the Λ c and the decay widths of the six studied states, we perform binned maximum likelihood fits of three separate mass difference (∆M ) distributions. The first two are Λ We investigate several systematic effects which can affect our measurements. Generally, they can be categorized as imperfect modeling by the simulation, imperfect knowledge of the momentum scale of the detector, ambiguities in the fit model and uncertainties on the external inputs to the fit of the Λ c (2595) signal. The most critical point is that we need to understand the intrinsic resolution of the detector in order to properly describe the signal shapes, because an uncertainty in the resolution has a large impact on the determination of the natural widths. As we estimate it using simulated events, it is necessary to substantiate that the resolution obtained from simulation agrees with the one in real data. We use D * (2010)
− for this purpose and compare the resolution in data and simulated events as a function of the transverse momentum of the pions added to D 0 or J/ψ. We also compare the overall resolution scale between data and simulated events and find that all variations are below 20% which we assign as uncertainty on our knowledge of the resolution function.
Results
We select about 13800 Σ c (2455) 
